In order to understand the behavior of neutral particles in laser-produced plasmas used for the extreme ultraviolet light source, we have been developing a visualization system of neural particles by means of planar Rayleigh scattering and planar laser-induced fluorescence spectroscopy (LIF). Based on the measurement, influence of EUV light absorption and kinetics of Sn plasma are discussed.
Abstract
In order to understand the behavior of neutral particles in laser-produced plasmas used for the extreme ultraviolet light source, we have been developing a visualization system of neural particles by means of planar Rayleigh scattering and planar laser-induced fluorescence spectroscopy (LIF). Based on the measurement, influence of EUV light absorption and kinetics of Sn plasma are discussed.
Extreme ultraviolet (EUV) light sources at 13.5nm have been under development for the future optical lithography by using the laser-produced plasma (LPP). In a practical EUV lithographic system, an average output power of more than 100W is required at 13.5nm. Due to low conversion efficiency from laser light to EUV light, a high power laser system of more than 30 kW is required for the plasma production. In our initial study, we have obtained an output energy of 3 mJ/pulse and a conversion efficiency (C.E.) of 0.18°0 per 21 str. at 13.5 nm (2% B.W.) from the laser light to the EUV light by using CO2 laser as a driver-laser for LPP with Xe gas target' and it was found that tin (Sn) Other issue to be solved is the mitigation of the debris which consisted of the various kind of particles generated from the plasmas, including ions, neutrals and droplets. The debris limits a life-time of an optical system by damaging the optics. With respect to ions, the mitigation with the electric and/or the magnetic fields can be applied. In the case of the neutral species, more sophisticated shielding methods are required. Furthermore, in the case of neutral Xe atoms, the generated EUV light is absorbed by Xe atoms surrounding the plasma. Therefore, it is very important to understand the behavior of neutral species for the optimum design of the debris shield and the improvement of the conversion efficiency.
In The experimental setup is shown in Fig.1 . It consists of a CO2 laser for plasma production, a transmission grating-type EUV spectrometer with a X-ray CCD camera, a vacuum chamber, and the visualization system. A planar sheet beam from a dye laser pumped by the third harmonics of a Nd:YAG laser was used as a light source for the visualization of neutral species. When a Xe gas jet was used as a target for plasma production, the sheet dye laser beam, whose wavelength was tuned on 225 nm for the two photon excitation via the 6s' [11/2]1-7p [01/2] transition, was passed perpendicular to the gas jet axis. The LIF light at 481nm or the Rayleigh scattered light was captured by a gated image-intensified CCD camera. The temporal change of the gas jet was observed by varying the delay time between the onset of the gas jet and the dye laser.
We also used a Sn plate as a target for plasma production. In this case, the sheet dye laser beam was sent parallel to the target surface so as to cross the plasma. Sn atoms were excited at 286nm and the LIF light at 317nm was used for the visualization. The temporal change of the spatial distribution of Sn atoms laser-ablated from the target was measured by varying the delay time between the CO2 and the dye lasers. Fig.2 shows an example of a Rayleigh-scattered image. The dotted line shows the contour of the nozzle. The plasma was produced about 1 mm from the nozzle tip. The number density of the gas jet was calibrated by comparing the signal intensity from the gas jet with that from Xe gas filled at a known gas pressure. The number density of Xe gas jet at the position where the plasma was produced was evaluated to be 2 X 1023 [t/m3] when the backing pressure was 12atm..
One-dimensional density distribution of the Xe gas jet was also measured by the two-photon excited LIF. It was confirmed that the results were consistent with those measured by Rayleigh scattering. LIF has been also applied to the measurement of one-dimensional distribution of Sn atoms in laser-produced plasma. An example of LIF image of Sn atoms is shown in Fig.4 .in this case, it was found that even neutral Sn atoms has a kinetic energy of more than 0.3keV.
A part of this work was performed under the auspices of EUVA (Extreme Ultraviolet Lithography System Development Association) and MEXT (Ministry of Education, Culture, Science and Technology, Japan) under contract subject "Leading Project for EUV lithography source development". Mr. H. T. acknowledges the support from the Japan Society for Promotion of Science. In Fig.2 , the EUV light was observed from the direction indicated by the arrow. The number density of Xe atoms along the line of the sight for the EUV measurement is plotted in Fig. 3 by the solid line at the timing when the plasma is produced. Using the absorption cross section of 1.3 X 1021[cm2] of Xe atom at 13.5nm, the transmission of the EUV light generated at the center of the gas jet was calculated and plotted in Fig. 3 by the dotted line. According to Fig. 3 , the transmission of the target gas at 13.5nm emission was estimated to be about 60%. C.E. can be easily improved by optimizing the nozzle design. 
